Purpose: There have been reports regarding the various factors associated with the level of discomfort and recovery from neurosensory symptoms in patients with trigeminal nerve injury. However, the contributing factors remain uncertain and poorly understood. The purpose of this paper was to investigate the possible association between various factors expected to affect neurosensory discomfort and recovery in patients with mandibular nerve injury after dental implant surgery.
INTRODUCTION
Injury to the branches of trigeminal nerve is a wellknown risk factor in dental procedures and maxillofacial surgery. Altered sensations or dysesthesias related to nerve injury are recognized complications that may follow dental and surgical procedures of the mandible.
1) The most commonly injured branches are the inferior alveolar nerve (IAN), the lingual nerve (LN), and the mental nerve (MN). 2) in the Dental Hospital of Yonsei University, Seoul, Korea.
Each patient was examined and received a radiological evaluation with computed tomography. We excluded subject from the study if their injury was due to procedures other than dental implant surgery, if the injury was to the maxillary division or if the patient was seen only once. On this basis, five individuals were excluded, and the final sample was comprised of 89 patients who gave a written informed consent, 61 (68.5%) being female and 28 (31.5%) being male. Their mean age was 53.9±9.9 years (range 27-75 years). The study protocol was approved by the institutional review board of Yonsei University Hospital (2-2013-3301).
Methods
We reviewed each subject's medical records to identify confounding factors that could influence neurosensory dysfunction or symptomatic improvement after conservative treatment. Those factors were pain intensity, level of invasion into mandibular canal in computed tomography (CT), and duration of time from nerve injury to initiation of conservative treatment.
1) Neurosensory disturbance
At the initial visit, the patients' neurosensory changes were evaluated using pin-prick, light touch, 2-point discrimination, pressure-pain threshold, brush stroke direction test, and current perception threshold (CPT) using
Neurometer CPT/C (Neurotron Inc., Baltimore, MD, USA).
The patients with electric or burning pain were asked to grade the severity of their pain on a 10-point visual analogue scale (VAS) and the patients were divided into four groups according to VAS: (1) no pain (VAS=0); (2) mild pain (0<VAS<4); (3) moderate pain (4≤VAS<7); (4) severe pain (7≤VAS≤10).
2) Symptomatic improvement after conservative treatment
The conservative treatment group received treatment consisting of behavioral, physical, and pharmacologic management. 16) This group was divided into three groups: (1) 'good improvement'-satisfactory improvement and few disabilities on routine daily work; (2) 'some im prove ment'-unsatisfactory improvement with some remaining disabilities during considerable evidence suggesting that IAN injury is the most common injury experienced by patient undergoing dental implant surgery. 4) Prospective studies have reported higher incidences of injury to the IAN with implant placement in the posterior mandible. The incidence is variably reported from 3.7% to 39.1% at 1 week postoperative examination. [5] [6] [7] [8] Ellies and Hawker, 9) in a two-center retrospective study done 2 weeks after implant surgery, reported altered sensation of the IAN in 37% and 36% of the patients respectively. In both centers, these complaints were persistent in 13% of patients.
The incidence of permanent sensory dysfunction (including dysesthesia, anesthesia or paresthesia) was 1% to 8% respective to the center, but the incidence of chronic pain is unclear. 10) In a Korean study, Ryu and Kwon 11) reported the incidence of dysesthesia after dental implant surgery was 24.6%, and the incidence of permanent dysesthesia was 6.2%.
There have been a number of reports on various factors related to the level of discomfort and recovery of normal sensation in post dental implant patients. Merrill 12) has suggested that nerve damage can lead to transient or persistent alteration in orofacial sensations depending on the severity of the injury. Hillerup 13) stated that recovery of normal sensation was related to the etiology of the injury. Kraut and Chahal 14) suggested that spontaneous recovery of normal sensation after nerve injury is dependent both on the severity of the injury and the nerve involved. For example, partial transection of the LN is less likely to result in spontaneous resolution of symptoms, compared with similar injury involving the IAN. In another study, Tay and Zuniga 15) reported that there was no significant correlation between the severity of nerve injury and the time elapsed from injury.
In this study of post dental implant surgery patient who sustained mandibular nerve injury, we investigated the possible relationship between factors expected to affect neurosensory dysfunction and recovery.
MATERIALS AND METHODS
Patients
Ninety-four subjects who had post-dental implant abnormal sensation and/or neuropathic pain in the jaw were referred 
RESULTS

Subject Demographics
The sample comprised 89 patients with nerve injury.
Female patients were 61 (68.5%) and male patients were 28
(31.5%). Their mean age was 53.9±9.9 years (range 27-75 years). The mean age by sex distribution was 54.7±9.4 years in female, and 52.1±10.9 years in male.
Test Result for Neurosensory Disturbance
As presented in Table 1 As presented in 
3) Level of invasion into mandibular canal in CT
CTs were taken to indirectly confirm implant invasion into the IAN. The confirmed cases were divided into three groups: (1) 'Non-contact'-the implant was not in contact with the mandibular canal; (2) 'Contact'-the implant was in close contact with the mandibular canal, but the cortical layer of canal was preserved; or (3) 'Penetrated'-the implant penetrated the mandibular canal wall and discontinuity of cortical layer was observed.
4) Duration of time from nerve injury
Patients were divided into two groups according to the time from nerve injury to initiation of conservative treatment involving behavioral, physical, and pharmacologic management. The criteria for were: (1) within 6 months of the nerve injury; (2) over 6 months from nerve injury.
5) Relation between pain intensity and other factors
A validation was performed on the relationship between pain intensity and other factors, i.e., symptomatic improvement after conservative treatment, level of invasion into mandibular canal, duration of time from nerve injury.
6) Relation between symptomatic improvement and other factors
An additional validation was performed on the relationship between symptomatic improvement after conservative treatment and other factors, i.e., the level of invasion into mandibular canal, duration of time from nerve injury.
Statistics
Statistical analyses were performed using the Wilcoxon 
Relation between the Implant and the Mandibular
Canal by CT As presented in Table 4 , there were 9 (10.1%) subject in the non-contact group, 14 (15.7%) subjects in the contact group, and 66 (74.2%) subjects in the penetrated group.
Median VAS score were 4.4 (0-9) in the non-contact group, 6.0 (2-9) in the contact' group, and 5.0 (0-10) in the penetrated group. There were no significant differences between each groups (p=0.484), and no significant linearrelationship between the level of mandibular canal invasion and pain intensity (p=0.588).
As shown in Table 5 , there was no significant linear-relationship between the level of mandibular canal invasion and symptomatic improvement (p=0.760). Median VAS scores were 5.0 (0-9) in the group with good improvement, 4.0 (0-9) in the group reporting some Sometimes the patient requires the skill of a clinical psychologist or psychiatrist with clinical experience in pain. 18) In the present study, females outnumbered males at least two to one. This ratio has been consistently noted in studies from various pain centers and is suggestive of a potential hormonal link with the tendency to develop neuropathic pain after nerve injury. Smith et al. 19) have reported on the genetic variability associated with increased risk of developing chronic pain after nerve injury. But, Pogrel and Thamby, 6) Hillerup, 13) Tay and Zuniga 15) have suggested that patients referred to tertiary care centers do not represent the true incidence of nerve injury from various causes.
Pain Intensity and Improvement with Conservative Treatment
Kraut and Chahal 14) suggested that when nerve injury is suspected, a thorough neurosensory examination (light
Effects of Duration of Time from Nerve Injury to Initiation of Conservative Treatment
As presented in Table 6 , 51 (57.3%) patients were seen within 6 months of the nerve injury and 38 (42.7%) were seen more than 6 months after the nerve injury. Median VAS score were significantly decreased in within 6 months group (4.0, 0-9), than in over 6 months group (6.0, 0-10; p=0.047).
There was a statistically significant linear-relationship between the duration of time from nerve damage and pain intensity (p=0.004) and, as shown in Table 7 , there was statistically significant linear-relationship between duration of time from nerve damage and symptomatic improvement with conservative treatment (p=0.024). Values are presented as number (%). Statistically significant at significance level of p<0.05. On the other hand, in some cases of LN and MN injury, the nerve may be traumatized by incision, flap elevation, retraction, or suturing procedures. 14, 26) Based on these possibilities, clinicians shouldn't ignore the potential of indirect nerve damage when placing a dental implant.
Additionally, current recommendations in are to start the patient on high doses of steroids to decrease the neurogenic inflammation that will further injure the traumatized nerve.
27)
Tay and Zuniga 15) reported that there was no significant correlation between the severity of nerve injury and the length of time from injury. However, Ryu and Kwon 11) reported that recovery ratio of injured nerve after implant surgery was 71.8%, and 88.2% of recovered group was recovered within 6 months.
In the present study, there was a significant linear r e lationship between duration of time and pain intensity as well as between duration of time and symptomatic improve ment.
Addi tionally, 26.3% of patients who suffered implant placement nerve injury over 1 year prior to this study showed sa ti s factory symptomatic improvement after conservative treat ment. Based on this observation, conservative treatment should be initiated for patients who have had an implantinduced nerve injury for over 1 year. In the present study, 36% of the patients showed satisfactory symptomatic improvement after conservative treatment.
The present analysis was subject to some limitation. Intensity of pain and improvement of neurosensory symptom were based on self-reported and subjective information. 20, 21) At the onset of this study, we anticipated that pain intensity would increase and symptomatic improvement would decrease relative to the level of implant invasion into mandibular canal. However, there was no significant relationship between the level of invasion and pain intensity in this analysis. Additionally, there was no significant relationship between the anatomic invasion depth and symptomatic improvement.
When we studied the CT images, we noted that most of implant injuries to the mandibular nerve were caused by direct contact of implant itself with the mandibular canal. These nerve injuries may occur directly from the drilling procedures, lack of attention to diagnostic information, and/or direct compression of the nerve during implant insertion. 5, 14, 22) Variables such as magnification errors, unexpected anterior loop of the MN, operator technique, or anatomical variability can increase the chance of complications. Additionally, there may be more than one IAN or canal, 23) and a plexus of nerve branches may lie superior to and outside the mandibular canal or infrequently, the preparation drill may be 1 mm longer than implant. Allowances for these variabilities must be incorporated into the calculation of available bone height. 5) 
